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Abstract 
 
The aim of the present study is to review information on modern methods of measurement engineering. The article illustrates the three-
dimensional scanning of prototype casting and compares the results with a virtual solid model, developed from flat file in a 3D graphic 
editor. The results of scanning are presented together with specified dimensions and colour map on the model surface. For scanning 
(digitising), an ATOS III optical scanner, which allows measurement of objects in sizes ranging from a few millimetres to a few dozen 
meters, was used. This technique can be used in the measurement of both casting and pattern tooling. 
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1. Introduction 
 
A sound casting is the one whose mechanical properties and 
overall  dimensions  can  satisfy  the  previously  established 
requirements. Mechanical properties depend on the type of alloy 
and on the casting conditions. Dimensions depend on the type and 
accuracy of pattern equipment and on the casting technology used 
to make the specific item. 
When foundry starts producing castings of new type, the first 
step  usually  involves  making  a  pilot  casting.  This  casting  is 
measured  very  thoroughly,  and  the  dimensions  obtained  are 
checked  against  the  required  (nominal)  ones.  If  there  are  any 
dimensions  that  exceed the  permissible  deviations, adjustments 
are made in the applied pattern tooling (of  course, taking into 
account the casting shrinkage). In nearly all foundries, the control 
measurements  are  performed  with  the  certified  hand-held 
measurement tools (calipers, rulers, etc.). Few foundries only use 
for control measurements a measuring arm. The principle of the 
arm operation is determination of points in a Cartesian coordinate 
system by application of contact head to the right place on the 
casting surface. The location of points is calculated from the angle 
of inclination in individual joints. The software supplied with the 
arm allows control of individual  dimensions, i.e. measurement of 
the distance and angle, eccentricity of holes, etc. 
 
 
Fig. 1. Example of measurement taken with an Infinite arm 
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Currently, the highest degree of technological advancement in 
dimensional inspection is the use of 3D scanners (digitisers). An 
overall division of the digitisation methods is shown in Figure 2. 
 
 
 
Fig. 2. Methods of digitisation divided in respect of the scanning 
technique  [1] 
 
 
2. Shape verification with optical scanner 
 
To perform measurements, in the present study, an ATOS III 
optical scanner was used (Fig. 3.); it enables scanning (measuring 
points  coordinates)  of  objects  with  overall  dimensions  from 
several millimetres up to several metres. The scanner operation is 
based on the principle of triangulation. Two cameras observe the 
run  of  stripes in the  measured  item and  for  each  pixel  of  the 
camera a coordinate point is calculated with a very high precision. 
The maximum number of measurement points in one shot is 4 000 
000, and the time of one shot is 2 seconds. The measuring field 
depends  on  the  type  of  the  used  lens  and  is  150x150  and 
500x500mm. 
 
Fig. 3. The measurement stand with ATOS III 3D scanner 
The  ATOS  III  3D  scanner  is  used  in  tool  shops  for 
performance  control,  for  verification  of  machining  and  tool 
reproduction. It allows comparing the die with pattern, making 
analysis of the shrinkage level, as well as digital recording and 
documentation.  Using  structured  light,  the  3D  optical  scanner 
emits on the measured object a set of the white light lines of a 
specific  packing  density.  The  line  packing  density  enables 
specifying the amount of data received. With larger number of 
lines, more data is received. These lines are subject to distortion 
on  crossing  the  object  irregularities,  and  the  image  of  the 
illuminated object is recorded by lenses mounted in the scanner 
head. As a result of the measurement  carried out by this method,  
a set of structured light stripes lying on the surface of the object is 
obtained, which at the time of illumination are visible to both 
lenses. The resulting sets of stripes are superimposed upon each 
other  by  means  of  reference  points.  Thus,  prior  to  scanning, 
reference points are applied on patterns. 
The image formed after scanning is point cloud, and therefore 
pattern of this type is subjected to polygonisation. It means that 
the cloud of points is converted to a network of non-overlapping 
triangles.  Thus  created polygonal  network is  subject  to  further 
treatment, the task  of  which  is  removing  the  reference  points, 
filling surface discontinuities, and possibly smoothing them. The 
ready network of triangles makes a model of the real object. 
With ATOS software it is also possible to compare the object 
with a CAD model design, or compare two identical objects. The 
use of the software also enables dimensioning of any arbitrary 
cross-sections and geometrical features. 
The dimensional inspection consists in comparing the grids of 
polygons, point clouds, and  sections with the CAD data (Fig. 
4a.).  This  method  of  comparison  determines  the  measurement 
data deviations in the direction of the CAD data. This means that 
the  system  calculates  the  shortest  perpendicular  distance  that 
separates  each  point  of  the  measurement  data  from  the  CAD 
pattern surface. The visualisation of deviations is through a colour 
map of deviations (Fig. 4b.), which means that every point in the 
polygon of the measured data is coloured in accordance with its 
deviation  from  the  CAD  data.  Colour  images  are displayed  as 
colour surfaces, sections, or needle diagrams. 
 
 
 
Fig. 4. CAD comparison principle and visualisation of results as a 
map of deviations 
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3.  Scanning  of  selected  prototype 
casting 
 
A  3D  optical  scanner  was  used  to  perform  dimensional 
inspection at the successive stages of the production of prototype 
castings.  To  show  the  functional  aspect  of  such  dimensional 
control,  the  casting  of  connector  has  been  selected;  its largest 
dimension is approximately 350mm. Tooling for the connector 
was made by 3D Printing technique and consisted of connector 
pattern, two part core box Rd 1 and three part core box Rd 2. 
The  results  of  the  dimensional  inspection  of  the  connector 
pattern illustrated in Figure 5. have revealed some deviations (an 
offset), but being of positive nature they can be easily removed 
from the external pattern surfaces. 
The results of the inspection of the core box elements (Figs. 6. 
and  7.)  showed  the  expected  dimensional  compliance,  which 
ensures the correct execution of cores.  
 
 
Fig. 5. The map and statistics of deviations in cast connector pattern made by 3DP technique 
 
 
Fig. 6. The map and statistics of deviations in core box  Rd1 
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Fig. 7. The map and statistics of deviations in core box  Rd2 parts 1, 2 and 3 
 
 
 
The colour map obtained from the cast connector inspection 
(Fig. 8.) shows deviations from an ideal CAD model, but most of 
these deviations are positive. The deviation on side bosses (item 
A in Figure 8.) was the result of an error in pattern tooling. The 
deviation can be easily eliminated, being placed in the casting part 
subject next to machining. The differences shown in Figure 8. in 
items B and C are due to inadequate pressing down of the central 
core and side cores during mould assembly. 
The paper should be prepared according to the requirements 
provided  in  Table  1.  Please  pay  attention  to  the  fact  that  the 
subsection should be not shorter than 0.5 column. 
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Fig. 8. The map and statistics of dimensional deviations in cast connector 
 
 
4. Conclusions 
 
The  use  of  3D  scanners  in  dimensional  inspection  of 
prototype  castings  enables  quick  and  accurate  assessment  of 
deviations referred to a CAD pattern. By covering with inspection 
of this type both foundry patterns and core boxes, if any, early 
detecting of dimensional errors is possible and determination at 
which  stage  of  the  production  process  the  deviations  from  the 
assumed dimensions have occurred. This allows early verification 
of assumptions adopted in the technological design and reducing 
to  the  necessary  minimum  the  number  of  the  test  castings. 
A consequence of this procedure is faster implementation of a cast 
part in production and reduced cost of this implementation. 
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